There have been few quality of life studies in patients with idiopathic rapid eye movement sleep behaviour disorder. We compared the quality of life in idiopathic rapid eye movement sleep behaviour disorder patients to healthy controls, patients with hypertension, type 2 diabetes mellitus without complication and idiopathic restless legs syndrome. Sixty patients with idiopathic rapid eye movement sleep behaviour disorder (24 female; mean age: 61.43 AE 8.99) were enrolled retrospectively. The diagnosis was established based on sleep history, overnight polysomnography, neurological examination and Mini-Mental State Examination to exclude secondary rapid eye movement sleep behavior disorder. All subjects completed questionnaires, including the Short Form 36-item Health Survey for quality of life. The total quality of life score in idiopathic rapid eye movement sleep behaviour disorder (70.63 AE 20.83) was lower than in the healthy control group (83.38 AE 7.96) but higher than in the hypertension (60.55 AE 24.82), diabetes mellitus (62.42 AE 19.37) and restless legs syndrome (61.77 AE 19.25) groups. The total score of idiopathic rapid eye movement sleep behaviour disorder patients had a negative correlation with the Pittsburg Sleep Quality Index (r = À0.498, P < 0.001), Insomnia Severity Index (r = À0.645, P < 0.001) and the Beck Depression Inventory-2 (r = À0.694, P < 0.001). Multiple regression showed a negative correlation between the Short Form 36-item Health Survey score and the Insomnia Severity Index (b = À1.100, P = 0.001) and Beck Depression Inventory-2 (b = À1.038, P < 0.001). idiopathic rapid eye movement sleep behaviour disorder had a significant negative impact on quality of life, although this effect was less than that of other chronic disorders. This negative effect might be related to a depressive mood associated with the disease.
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IN TROD UCTI ON
Rapid eye movement (REM) sleep behaviour disorder (RBD) is a type of parasomnia characterized by dream-enacting and prominent motor activity during REM sleep (Schenck et al., 1986) . In addition, as an alpha-synucleinopathy, its association with neurodegenerative diseases including Parkinson's disease (PD), multiple systemic atrophy and dementia with Lewy bodies have been studied (Boeve et al., 2007; Iranzo et al., 2009) . Large clinical series have reported that the idiopathic form of RBD (iRBD) accounts for up to 60% of the cases, although some of these patients may eventually develop a degenerative disorder in the long term (Fantini et al., 2005) . RBD per se can lead to sleep disturbance or physical injury to the patient or bed partner. As a result, it may impact the patient's quality of life (QOL) negatively. There have been few studies on the association between RBD and QOL, in particular for patients with iRBD. In a study evaluating 36 PD patients for the presence of RBD (Postuma et al., 2008) , emotional functioning and general health QOL measured by the Parkinson Disease Questionnaire-39 (PDQ-39) and the Short Form-36 health survey (SF-36) were lower in those with RBD, but there were no differences in overall physical QOL. In a study of probable RBD in 93 PD patients (Suzuki et al., 2013) evaluated with the PDQ-39, cognition and emotional wellbeing had a significant impact on QOL. In a study of probable RBD in 475 patients with PD using the EuroQol five dimensions questionnaire (EQ-5D) questionnaire (Rolinski et al., 2014) , probable RBD was shown to be associated with greater sleepiness, depression and cognitive impairment. Additionally, patients with concomitant probable RBD more often reported a lower QOL. However, the available data pertain to patients with PD or subjects with a probable diagnosis of RBD based on a questionnaire. Thus, these studies have evaluated the impact of concomitant symptoms of Parkinsonism, rather than RBD per se, on QOL. As a result, the exact factors affecting QOL in iRBD remain debatable. In this study, we have investigated the QOL of patients with iRBD, as well as the factors that may influence it, compared to age-and gender-matched healthy controls (HC) and patients with other chronic medical conditions, such as hypertension (HTN) and type 2 diabetes mellitus without complication (DM). Further studies were performed to differentiate secondary RBD from iRBD. To exclude secondary RBD, patients with the following conditions were excluded from the study: HTN, DM, stroke, dementia, psychiatric disorders including major depression, other clinical sleep disorders (e.g. primary insomnia, narcolepsy, restless legs syndrome, obstructive sleep apnea) and medications that might influence sleep and could not be withheld (e.g. benzodiazepines, anti-psychotics, alprazolam, clonazepam, quetiapine, tricyclic antidepressants, selective serotonin re-uptake inhibitors, serotoninnorepinephrine reuptake inhibitors). In addition, all patients underwent a baseline neurological examination and a MiniMental State Examination to exclude secondary RBD associated with neurodegenerative diseases. During the survey, trained research coordinators were available to help subjects having difficulty completing the questionnaires. We chose HTN and DM as common chronic medical diseases and restless legs syndrome (RLS) as a comparable sleep disorder for controls. Age-and gender-matched patients with HTN, RLS and DM were screened using face-to-face interviews along with their hospital charts. They were selected from the cardiology, endocrinology and sleep centre clinics at the same university hospital.
METHODS
The measure of QOL was based on the Korean version of the SF-36 (Han et al., 2004) , including eight domains: physical function, role limitations due to physical problems, bodily pain, general health, vitality, social functioning, role limitations due to emotional problems and mental health. The score ranges from 0 to 100 points, with the higher score representing better QOL. The SF-36 is a widely used standardized tool to assess health-related QOL. As there is no questionnaire measuring RBD symptom severity, we used various questionnaires which can evaluate sleep and mood status. The patients completed all the Korean versions of the Pittsburg Sleep Quality Index (PSQI) (Sohn et al., 2012) , Insomnia Severity Index (ISI) (Cho et al., 2014) , Hospital Anxiety Scale (HAS) (Oh et al., 1999) , Epworth Sleepiness Scale (ESS) (Cho et al., 2011) , Beck Depression Inventory-2 (BDI-2) (Jo et al., 2007) and Hospital Depression Scale (HDS) (Oh et al., 1999) . These results were compared to the scores from HC, patients with HTN, DM and idiopathic drugnaive RLS. The sleep-and mood-related questionnaires were not performed in the disease groups (HTN, DM). The HC were selected from individuals undergoing regular checkups who were found to be healthy.
Statistical analysis
The analysis was performed using statistical software SPSS version 18.0 for Windows. The clinical characteristics and QOL were compared using the v 2 test, independent t-test or analysis of variance (ANOVA). The parameters associated with QOL were analysed using Pearson's correlation. Stepwise multiple regression analysis was used to select the significant predictors for the QOL in the iRBD patients and, at each step, independent variables were entered if factors correlated significantly with QOL were present. Analysis of covariance (ANCOVA) was used for covariance for depression (BDI-2). The level of significance was P ≤ 0.05 for all comparisons.
RESULTS
After careful screening of 116 PSG-confirmed RBD patients, a total of 56 patients were excluded, as nine were diagnosed with secondary RBD associated with neurodegenerative diseases (6 PD; 3 dementia), 17 with a comorbid sleep disorder (14 obstructive sleep apnea; one narcolepsy; two insomnia) and 36 with a comorbid medical disorder (20 HTN; 16 DM), and six were on medications that might influence sleep. The total SF-36 score of iRBD patients was lower than that of the HC, but higher than those of HTN, DM and RLS. The iRBD group showed lower SF-36 scores than the HC in all domains except for social functioning. The iRBD patients had higher scores than those of RLS patients on the total SF-36, bodily pain, vitality, social functioning, mental health, physical component summary (PCS) and mental component summary (MCS), whereas they had lower scores on the ISI, ESS, PSQI, HAS and BDI-2. When we controlled for depressive mood in iRBD, RLS and HC, the total SF-36 score of iRBD patients was still lower than that of the HC, but it did not show a significant difference when compared to the RLS patients. The iRBD group had higher scores than those with HTN on the total SF-36, general health perceptions, vitality, social functioning, mental health, PCS and MCS. They also showed higher scores than DM patients on the total SF-36, general health perceptions, social functioning, mental health, and MCS (Table 2, Fig. 1 ).
The total SF-36 scores for iRBD patients showed a significant inverse correlation with the scores of the ISI (r = À0.645, P < 0.001), PSQI (r = À0.498, P < 0.001), HAS (r = À0.497, P < 0.001), HDS (r = À0.435, P = 0.001) and BDI-2 (r = À0.694, P < 0.001), as presented in Table 3 . Multiple regression analysis showed that the total SF-36 score was correlated significantly with the ISI (b = À1.100, P = 0.001) and BDI-2 (b = À1.038, P < 0.001) ( Table 4) .
DISCUSSION
Studies in western countries have demonstrated the negative impact of RBD per se and its common co-existent disorders on QOL. However, these studies included patients with probable RBD and RBD associated with neurodegenerative diseases (Postuma et al., 2008; Rolinski et al., 2014; Suzuki et al., 2013) . We sought to investigate QOL in patients with idiopathic RBD and characterize any risk factors involved. Therefore, we recruited only iRBD patients with no neurodegenerative diseases or medications such as benzodiazepines, anti-psychotics or antidepressants involved. We also included PSG as an extra measure to confirm the diagnosis of RBD.
Based on the SF-36 scores reflecting QOL, iRBD has a negative impact on QOL. Although the results of this study indicate a significantly lower QOL in iRBD patients than the HC, there was no significant influence on social functioning, which might lead the patients to dismiss their oneiric behaviour as neither serious nor medically important. When we controlled for depressive mood in iRBD, RLS and HC, the iRBD patients showed lower total SF-36 scores and higher social function scores than the HC. In contrast, the iRBD patients showed no difference compared to the RLS patients after controlling for depressive mood. Therefore, depressive mood seems to have a considerable effect on both the iRBD and RLS patients. The lower QOL in patients with iRBD could be caused by their awareness of the diagnosis, as they might search and learn about 'RBD' and feel depressed about the risk of neurodegenerative diseases in the future (Boeve, 2010) . Nevertheless, in this study, as the subjects completed the series of questionnaires during the initial interview, the depressive mood seems to be an independent contributor to the QOL of iRBD patients.
Comparing the iRBD and RLS groups, our findings suggest less impact on QOL, sleep and mood in iRBD than RLS patients. Other studies have shown considerably lower QOL in RLS patients compared to those with HTN, DM or the HC Kushida et al., 2007) . As a sensory neurological disorder, RLS symptoms affect QOL due to uncomfortable feelings in the legs, sleep disturbance and social consequences, including work performance during daytime . Also, an anxious or depressive mood is common in RLS (Kushida et al., 2007) . The lower QOL in RLS could be explained by higher scores in sleep and mood-related questionnaires, indicating lower sleep quality as well as a more anxious or depressive mood. Comparing . SF-36 scores for iRBD patients (n = 60) compared with HC (n = 60). SF-36, Short Form-36 health survey; iRBD, idiopathic rapid eye movement sleep disorder; HC, healthy controls. *P < 0.05; **P < 0.01; ***P < 0.001.
ª 2016 European Sleep Research Society the groups, we found less impact on QOL by iRBD than HTN and DM. Studies on QOL in patients with HTN or DM have attributed the lower QOL to the awareness of the diagnosis and the need for lifetime treatment (Korhonen et al., 2011; Marrero et al., 2014; Trevisol et al., 2011; Venkataraman et al., 2014) . The age of onset in iRBD varies widely from 40 to 70 years (61.43 AE 8.99 in our study), and the frequency varies from nightly to monthly (3.62 AE 2.40 times per a week in our study). In a previous study, 53.9% of patients with iRBD had self-awareness of the behaviour with a mean disease duration of 7.2 AE 7.2 years; 55.9% experienced sleep related self-injury and 23.5% hurt their spouses (Iranzo et al., 2009) . Another study demonstrated a diagnostic delay of 8.7 AE 11 years, often due to the belief that symptoms were not serious enough to seek medical attention (White et al., 2012) . Our findings confirm these reports, as RBD tends be regarded as insignificant despite its impact on QOL. In fact, despite our assumption that age of onset, frequency, sleeprelated injury, self-awareness or disease duration may be associated with QOL, we did not find such an association. The possibility of depression and other conditions, such as insomnia being an early premotor symptom of iRBD, has been studied. A putative association between depression and iRBD has been suggested, i.e. depression possibly being an early sign of a neurodegenerative process (AguirreMardones et al., 2015; Frauscher et al., 2014) , but QOL was not evaluated in these studies. In our study, regression analysis showed that the BDI-2 and ISI were correlated with the SF-36. Although the depressive mood and insomnia were mild, they were also shown to be contributing factors to QOL in iRBD. As insomnia can be regarded as a comorbid symptom of depression, rather than iRBD, it is supposed that the QOL in RBD is related to a depressive mood, although the direction of causality is unclear. Recently, a study with transcranial sonography showed that hyperechogenicity of the substantia nigra and hypoechogenicity of the brain stem raphe nucleus are frequent in iRBD with depression, suggesting that dysfunction of the serotonergic system in the brain stem may explain the depression in iRBD . From this viewpoint, depression and insomnia in this study can be considered as early premotor symptoms of neurodegenerative disease. Thereby, QOL may be related to such symptoms of iRBD.
We identified a significant negative impact on QOL in iRBD, although it was less significant compared to other chronic disorders. This might be related to an associated depressive mood. It is interesting that, despite reasonable scores on the QOL questionnaire for mental health and role emotion subdomains, the BDI score was still high for iRBD patients. Therefore, given its potential effect on QOL, managing depression should be considered as part of treatment of iRBD.
To the best of our knowledge, this is the first study to investigate the QOL in iRBD using the SF-36. Secondly, in addition to careful neurological examination and historytaking by experienced neurologists, we recruited only PSGconfirmed iRBD patients, as using RBD screening questionnaires alone would have limited sensitivity and specificity. There are, however, limitations to our study; as recent studies have suggested, iRBD is linked to asymptomatic autonomic dysfunctions (Lee et al., 2015; Postuma et al., 2010) and 'asymptomatic' signs, i.e. those not recognized by patients, would hardly affect QOL. We did not assess depression and Adjusted R 2 = 0.556, S.E. = 13.88, P < 0.001, ISI, PSQI, HAS, HDS, BDI-2. SF-36, Short Form-36 health survey; BMI, body mass inde; ISI, Insomnia Severity Index; ESS, Epworth Sleepiness Scale; PSQI, Pittsburg Sleep Quality Index; HAS, Hospital Anxiety Scale; HDS, Hospital Depression Scale; BDI-2, Beck Depression Inventory-2.
ª 2016 European Sleep Research Society insomnia in the HTN or DM control groups. The retrospective nature of this study, based in a single centre with possible selection bias, may be another limitation. Further prospective multi-centre studies using a disease-specified QOL assessment tool for RBD would be needed to address these limitations.
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